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Summary

The rise-and-fall and reincarnation of suppressor T cells is reviewed from the perspective of a participant in the field.
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Although various methods for inducing tolerance were
identified after the original report of oral tolerance by
Wells in 1911,' it was not appreciated that tolerance
could be actively maintained until Gershon’s seminal
reports published by Immunology in 1970 and in 1971.
Gershon showed that thymus-derived lymphocytes were
not only required for tolerance induction’® but that they
could adoptively transfer tolerance to naive recipients.’
This form of tolerance, dubbed ‘infectious tolerance’, was
antigen-specific and the T cells that inhibited responses
were operationally defined as suppressor T cells, in dis-
tinction from helper T cells.* Suppressor T (Ts) cells were
later identified as Ly2,3" (CD8") T lymphocytes.>® These
observations prompted us to test whether Ts cells played
a role in major histocompatibility complex (MHC)-linked
unresponsiveness. Our experiments demonstrated that
unresponsiveness to certain synthetic polypeptide anti-
gens’ and proteins closely related to self antigens such as
insulin® was maintained by CD8" Ts cells. The ability of
antigen-specific CD8" T cells to adoptively transfer non-
responsiveness was convincingly demonstrated by numer-
ous investigators using a variety of experimental systems
(reviewed in refs 9,10).

After an explosion of studies in the 1970s, interest in
Ts cells fell precipitously in the mid- to late 1980s from a
convergence of several findings, none of which was indi-

vidually fatal but collectively they led to the demise of
this field. First, the newly developed methodology to gen-
erate long-term lines and clones of T cells yielded very
few stable, CD8" T cells with antigen-specific suppressive
activity. Second, no coding region corresponding to the
Ts-cell-associated serological determinant, referred to as
I-J, was evident when a physical map and complete
sequencing of the MHC was accomplished."" Nor did we
find RNA transcripts from Ts-cell hybridomas that could
hybridize to cosmid clones spanning the I-A and I-E sub-
regions of the MHC."” Third, the biochemical nature of
the soluble suppressor factors, which were extracted from
Ts cells or elaborated by Ts-cell hybridomas, was not elu-
cidated despite strenuous efforts by several laboratories
including my own. Fourth, once it was recognized that
CD8" cytotoxic T lymphocytes recognized endogenous
peptides in association with MHC class I proteins, it was
thought that CD8" Ts cells should not be able to recog-
nize exogenous protein antigens. Fifth, and perhaps most
critical, was that the focus of immunological research
shifted to the molecular identification of critical elements
of immune responses, which met with unprecedented
success. In the dawning of the age of molecular immunol-
ogy, the complex circuits of interacting cells and ill-
defined factors that were associated with the Ts field came
to be regarded as untenable. Consequently, fewer and
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fewer studies of CD8" Ts cells were funded and interest
in these cells dissipated, although it never totally dis-
appeared.

The concept that T cells are involved in immunological
tolerance through active suppression was resurrected by
the observations that a distinct subset of naturally occur-
ring CD4" CD25" T cells from naive mice have the
capacity to prevent autoimmune disease mediated by
endogenous, self-reactive T cells."> The expression of
CD25 by regulatory T (Treg) cells in naive mice proved
to be decisive because it allowed them to be physically
isolated from other CD4" T cells and shown to be the
mediators of immunosuppression. To avoid the ‘politi-
cally incorrect’ term of ‘suppressor T cells’,'"* these cells
came to be known as regulatory T (Treg) cells, which was
an unfortunate choice because the term ‘regulatory’
encompasses both positive and negative effects.

CD25 expression identified Treg cells among naive T
cells that had not been experimentally exposed to antigen.
However, CD25 is not a unique Treg marker because it is
also expressed by effector T cells upon antigen activation.
As yet, no cell surface antigen has been identified that
serves as a lineage marker that is exclusively expressed by
Treg cells (or CD8" Ts cells). The prominence of Treg
cells was substantially boosted by the identification of a
transcription factor from the forkhead/winged helix fam-
ily, FoxP3'>'® as a master switch that drives the differen-
tiation of naive T cells into the Treg lineage and
maintains their suppressive function.'®?° Antibodies to
murine FoxP3 became available to identify cells express-
ing this intracellular molecule,?’™® but it was the con-
struction of FoxP3 reporter (FoxP38®) mice, which
faithfully express green fluorescent protein when FoxP3 is
synthesized, that allowed FoxP3" cells to be sorted by
flow cytometry and to be shown to be responsible for the
regulatory activity of CD4" T cells.**

The Treg cells express conventional aff T-cell receptors
(TCR) and block autoimmunity, which strongly suggests
that they recognize self antigens, yet it has been difficult
to define the repertoire of epitopes recognized by these
cells. The observations that Treg cells can be induced
from peripheral CD4" CD25 T cells by stimulation with
exogenous antigens presented via a tolerogenic route’”?*
or by activation in the presence of transforming growth
factor-B (TGF-B) *>*° and that induced Treg cells also
express FoxP3°®*' has allowed the application of TCR
transgenic (Tg) T cells to the study of specificity and
mechanisms of action of Treg cells (reviewed in ref. 32).
Collectively, these results suggest that most, if not all,
naive CD4" T cells may be capable of becoming Treg cells
under the appropriate conditions. If the latter hypothesis
is correct, then the apparent differences between natural
and induced Treg cells may simply reflect the solidifica-
tion of the expression of FoxP3 arising from chronic
in vivo stimulation by autoantigens versus acute activation

CD8* Ts cells

by exogenous antigens. This process would be analogous
to the characteristic way in which CD4" T cells become
irreversibly committed to T helper type 1 (Thl) and Th2
phenotypes by prolonged repetitive in vitro stimulation in
the presence of the appropriate cytokines.

Breeding TCR Tg mice with the FoxP38" reporter mice
allowed us to demonstrate that CD4" FoxP3"™ TCR Tg T
cells, induced by activation with antigen in the presence
of TGF-PB and interleukin-2 (IL-2), are similar to natural
Treg cells in their ability to inhibit proliferation and effec-
tor responses by naive T cells.”> However, the ability of
FoxP3" T cells to inhibit the responses of T cells specific
for other antigens depended on the expression of the Treg
epitope and the effector epitope by the same antigen-pre-
senting cells (APCs).>> This phenomenon was originally
termed ‘linked-suppression’ by Holan and Mitchison®*
and this pattern of specificity has been validated in multi-
ple experimental systems.”>>” Our finding that Treg cells
are specific both in activation and in effector function
in vitro correlates with data indicating that Treg cells have
exquisite functional specificity in vivo.”*™** Identifying an
analogous specificity pattern among polyclonal natural
Treg cells is experimentally problematic, because synge-
neic APCs expressing self antigens can interact with both
Treg cells and effector T cells specific for exogenous epi-
topes, which can be misinterpreted as non-specific sup-
pression. Whether Treg cells and naive responder T cells
directly interact within the confines of an APC-initiated
cluster or whether these two T cell types interact sequen-
tially with the same APC, as has been shown for helper T
cells, is not yet known. Nevertheless, the observation
that Treg cells and responder T cells must recognize the
same APC provides a mechanistic explanation for the
often reported, but poorly understood, requirement that
Treg cells must be in direct contact with effector T cells
to inhibit their responses.

Interest in the role of CD8" Ts cells was renewed, in
part, by the observations that they could be activated by
antigen in the presence of TGF-B.***° Antigen-specific,
CD8" Ts cells have also been described in the blood of
rejection-free human cardiac transplant recipients*®*” and
FoxP3 is up-regulated in human®® and rat*® CD8" CD28~
Ts cells from stable transplant recipients. The TGF-B-acti-
vated TCR Tg CD8" T cells,” and the donor-specific
CD8" Ts cells from transplant patients*®' also exhibit
linked-suppression, suggesting that suppression is most
efficiently mediated by direct cell contact rather than by
the elaboration of cytokines. Although TGEF-B-activated
TCR Tg CD8" T cells fail to proliferate upon restimula-
tion, they express FoxP3 and also down-modulate the
expression of CD86 by dendritic cells,”® which is consis-
tent with the central role of APCs in mediating suppres-
sion. Preliminary data, using CD8" T cells from TCR Tg
mice expressing the FoxP3®" allele, suggest that the
FoxP3" cells are antigen-specific Ts cells, but it is not yet
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clear whether they are the only cells with suppressive
activity in the cultures stimulated with antigen, TGF-B,
and IL-2 (Kapp et al., unpublished observations).

At this juncture, it seems reasonable to reflect on what
we have learned about CD8" Ts cells in the last 20 years
that sheds light on the issues that caused the convulsive
rejection of the whole body of suppressor T-cell literature
and ridicule of the investigators who studied them. Sev-
eral of the findings that contributed to the demise of the
Ts-cell field have actually been resolved. First, Treg and
Ts cells have been shown to have little or no capacity to
proliferate in vitro when stimulated with antigen or poly-
clonal activators, especially in competition with effector T
cells. Therefore, the conditions typically used to establish
T-cell lines, which were biased toward rapid growth, did
not generate either Treg or Ts cell lines. Only recently
have investigators devised alternative methods of growing
Treg”> and CD8' Ts cells® in vitro. Second, it is now
well-recognized that CD8" T cells can be stimulated by
exogenous proteins that are taken up and processed into
the MHC class I pathway by professional APCs such as
dendritic cells and macrophages (reviewed in refs 54-56)
or antigen-specific B cells that bear surface immunoglob-
ulin capable of binding the native protein.5 7 Third, the
interacting suppressor inducers, suppressor effectors and
contra-suppressors, once judged to be too complex to be
tenable, are not dissimilar to the complexity of functional
T-cell phenotypes that have now been distinguished by
the patterns of cytokines that they produce. Already, ThoO,
Thi, Th2, Th3, Trl, Th17, Tcl, Tc2, lytic CD8"* and non-
lytic CD8" Ts-cell subsets have been identified, which
interact in complex and only partially understood path-
ways to maintain homeostasis. Thus, the concepts that
immune regulatory mechanisms are complex and that
both CD4 and CD8 T cells can actively mediate suppres-
sion, or negative regulation, are now accepted as funda-
mental immunological principles.

Other findings that contributed to the demise of Ts
cells have not been explained, but there are plausible
explanations for these phenomena. First, the puzzle of the
I-] determinants recognized by alloantibodies produced
across MHC differences has not been solved. It is, how-
ever, conceivable that these antibodies recognize idiotypic
determinants of the peptide MHC binding surface of the
TCR or even peptide-MHC complexes that are captured
by T cells from APCs during formation of the immuno-
logical synapse (reviewed in ref. 58). Second, the molecu-
lar nature of the soluble antigen-specific suppressor
factors has not been elucidated. However, it is now well-
established that naturally occurring, soluble forms of a
variety of cell surface receptors, such as tumour necrosis
factor™ and IL-6 receptors,’® act as potent inhibitors of
the pathways activated by the ligands that bind to them.
This raises the possibility that the biological activity of
suppressor factors may have been mediated by soluble

TCR, which could interfere with full signalling between T
cells and APCs by inhibiting the kinetics of aggregation in
the immunological synapse. Only time will tell whether
these explanations will be tested or whether answers may
arise from unrelated investigations.

Regardless of where future studies of Ts cells may take
us, it is important to me to try to understand why we
failed in these endeavours 20 years ago. These studies
were not performed by just a few individuals operating in
obscurity. Dozens of investigators on four continents
worked in this area and hundreds of papers were pub-
lished on this topic. At least 10 major independent labo-
ratories worked (and competed with each other) on these
problems using an extensive variety of assay systems over
a period of more than 10 years. Although it is difficult to
understand why solutions were not obtained, it seems
unlikely that we suffered from a collective delusion or
that the data were selectively biased or faked on such a
grand scale, as some have implied. To me, it seems more
likely that the assays and tools that were available were
not robust enough to solve these problems. The lack of
success begat a decrease in funds, lowering the chances of
subsequent success, until funding totally collapsed and
the study of these bioactive factors was abandoned. So,
we are left with the less than satisfying conclusion that
the absence of proof concerning I-J and suppressor fac-
tors is not proof of their absence.

Acknowledgements

I am most grateful for numerous exciting and energetic
discussions about Ts cells with my husband, Pat Bucy,
and colleague, Jim Zimring, who were both kind enough
to read and provide a critical evaluation of this manu-
script. Their help is very much appreciated. In addition, I
thank my mentors who shaped my scientific training and
all of my staff, students, fellows, and colleagues who gen-
erously contributed diligence, creativity, and enthusiasm
to the studies that I have published on Ts cells over the
last three decades.

References

1 Wells GH. Studies on the chemistry of anaphylaxis. (III). Experi-
ments with isolated proteins, especially those of the hen’s egg.
J Infect Dis 1911; 9:147-71.

2 Gershon RK, Kondo K. Cell interactions in the induction of tol-
erance: the role of thymic lymphocytes. Immunology 1970;
18:723-37.

3 Gershon RK, Kondo K. Infectious immunological tolerance.
Immunology 1971; 21:903-14.

4 Gershon RK, Cohen P, Hencin R, Liebhaber SA. Suppressor T
cells. J Immunol 1972; 108:586-90.

5 Cantor H, Shen FW, Boyse EA. Separation of helper T cells
from suppressor T cells expressing different Ly components. II.
Activation by antigen: after immunization, antigen-specific

30 © 2008 The Author Journal compilation © 2008 Blackwell Publishing Ltd, /mmunology, 123, 28-32



10

11

12

13

14

15

16

17

18

19

20

21

22

suppressor and helper activities are mediated by distinct T-cell
subclasses. J Exp Med 1976; 143:1391-409.

Jandinski J, Cantor H, Tadakuma T, Peavy DL, Pierce CW.
Separation of helper T cells from suppressor T cells expressing
different Ly components. I. Polyclonal activation: suppressor and
helper activities are inherent properties of distinct T-cell sub-
classes. ] Exp Med 1976; 143:1382-90.

Kapp JA, Pierce CW, Schlossman S, Benacerraf B. Genetic con-
trol of immune responses in vitro. V. Stimulation of suppressor
T cells in nonresponder mice by the terpolymer r-glutamic acid
60-L-alanine 30-L-tyrosine 10 (GAT). J Exp Med 1974; 140:
648-59.

Jensen PE, Pierce CW, Kapp JA. Regulatory mechanisms in
immune responses to heterologous insulins. II. Suppressor T cell
activation associated with nonresponsiveness in H-2b mice.
] Exp Med 1984; 160:1012-26.

Dorf ME, Benacerraf B. Suppressor cells and immunoregulation.
Annu Rev Immunol 1984; 2:127-58.

Herzenberg LA, Tokuhisa T, Hayakawa K. Epitope-specific regu-
lation. Annu Rev Immunol 1983; 1:609-32.

Steinmetz M, Minard K, Horvath S et al. A molecular map of
the immune response region from the major histocompatibility
complex of the mouse. Nature 1982; 300:35-42.

Kronenberg M, Steinmetz M, Kobori J et al. RNA transcripts for
I-] polypeptides are apparently not encoded between the I-A and
I-E subregions of the murine major histocompatibility complex.
Proc Natl Acad Sci U S A 1983; 80:5704-8.

Sakaguchi S, Sakaguchi N, Asano M, Itoh M, Toda M. Immuno-
logic self-tolerance maintained by activated T cells expressing
IL-2 receptor alpha-chains (CD25). Breakdown of a single mech-
anism of self-tolerance causes various autoimmune diseases.
J Immunol 1995; 155:1151-64.

Green DR, Webb DR. Saying the ‘S” word in public. Immunol
Today 1993; 14:523-5.

Schubert LA, Jeffery E, Zhang Y, Ramsdell F, Ziegler SF. Scurfin
(FOXP3) acts as a repressor of transcription and regulates T cell
activation. J Biol Chem 2001; 276:37672-9.

Khattri R, Cox T, Yasayko SA, Ramsdell F. An essential role for
Scurfin in CD4+CD25+ T regulatory cells. Nat Immunol 2003;
4:337-42.

Brunkow ME, Jeffery EW, Hjerrild KA et al. Disruption of a
new forkhead/winged-helix protein, scurfin, results in the fatal
lymphoproliferative disorder of the scurfy mouse. Nat Genet
2001; 27:68-73.

Fontenot JD, Gavin MA, Rudensky AY. Foxp3 programs the
development and function of CD4+CD25+ regulatory T cells.
Nat Immunol 2003; 4:330—6.

Hori S, Nomura T, Sakaguchi S. Control of regulatory T cell
development by the transcription factor Foxp3. Science 2003;
299:1057-61.

Yagi H, Nomura T, Nakamura K et al. Crucial role of FOXP3 in
the development and function of human CD25+CD4+ regula-
tory T cells. Int Immunol 2004; 16:1643-56.

Hontsu S, Yoneyama H, Ueha S et al. Visualization of naturally
occurring Foxp3+ regulatory T cells in normal and tumor-bear-
ing mice. Int Immunopharmacol 2004; 4:1785-93.

McGeachy M]J, Stephens LA, Anderton SM. Natural recovery
and protection from autoimmune encephalomyelitis: contribu-
tion of CD4+CD25+ regulatory cells within the central nervous
system. J Immunol 2005; 175:3025-32.

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

CD8* Ts cells

Lu LF, Gondek DC, Scott ZA, Noelle R]. NFkappaB-inducing
kinase deficiency results in the development of a subset of regu-
latory T cells, which shows a hyperproliferative activity upon
glucocorticoid-induced TNF receptor family-related gene stimu-
lation. J Immunol 2005; 175:1651-7.

Fontenot JD, Rasmussen JP, Williams LM, Dooley JL, Farr AG,
Rudensky AY. Regulatory T cell lineage specification by the
forkhead transcription factor foxp3. Immunity 2005; 22:329—41.
Wan YY, Flavell RA. Identifying Foxp3-expressing suppressor T
cells with a bicistronic reporter. Proc Natl Acad Sci U S A 2005;
102:5126-31.

Bettelli E, Carrier Y, Gao W et al. Reciprocal developmental
pathways for the generation of pathogenic effector TH17 and
regulatory T cells. Nature 2006; 441:235-8.

Thorstenson KM, Khoruts A. Generation of anergic and poten-
tially immunoregulatory CD25+CD4 T cells in vivo after induc-
tion of peripheral tolerance with intravenous or oral antigen.
J Immunol 2001; 167:188-95.

Zhang X, Izikson L, Liu L, Weiner HL. Activation of
CD25(+)CD4(+) regulatory T cells by oral antigen administra-
tion. J Immunol 2001; 167:4245-53.

Zheng SG, Gray JD, Ohtsuka K, Yamagiwa S, Horwitz DA. Gen-
eration ex vivo of TGF-beta-producing regulatory T cells from
CD4+CD25- precursors. ] Immunol 2002; 169:4183-9.

Chen W, Jin W, Hardegen N et al. Conversion of peripheral
CD4+CD25- naive T cells to CD4+CD25+ regulatory T cells by
TGF-beta induction of transcription factor Foxp3. ] Exp Med
2003; 198:1875-86.

Fu S, Zhang N, Yopp AC et al. TGF-beta induces Foxp3+ T-reg-
ulatory cells from CD4+ CD25- precursors. Am | Transplant
2004; 4:1614-27.

Picca CC, Larkin J III, Boesteanu A, Lerman MA, Rankin AL,
Caton AJ. Role of TCR specificity in CD4+ CD25+ regulatory
T-cell selection. Immunol Rev 2006; 212:74-85.

Kapp JA, Honjo K, Kapp LM, Goldsmith K, Bucy RP. Antigen,
in the presence of TGFB, induces up-regulation of FoxP38%* in
CD4+ TCR transgenic T cells that mediate linked-suppression of
CD8+ T cell responses. J Immunol 2007; 179:2105-14.

Holan V, Mitchison NA. Haplotype-specific suppressor T cells
mediating linked suppression of immune responses elicited by
third-party H-2 alloantigens. Eur | Immunol 1983; 13:652—7.
Bucy RP. Alloantigen-specific suppressor T cells are not inhib-
ited by cyclosporin A, but do require IL 2 for activation.
J Immunol 1986; 137:809—-13.

Wise MP, Bemelman F, Cobbold SP, Waldmann H. Linked
suppression of skin graft rejection can operate through indirect
recognition. J Immunol 1998; 161:5813—6.

Davies JD, Leong LY, Mellor A, Cobbold SP, Waldmann H.
T cell suppression in transplantation tolerance through linked
recognition. J Immunol 1996; 156:3602—7.

Miller A, Lider O, Weiner HL. Antigen-driven bystander sup-
pression after oral administration of antigens. J Exp Med 1991;
174:791-8.

Sanchez-Fueyo A, Sandner S, Habicht A et al. Specificity of
CD4+CD25+ regulatory T cell function in alloimmunity.
J Immunol 2006; 176:329-34.

Seddon B, Mason D. Peripheral autoantigen induces regulatory
T cells that prevent autoimmunity. J Exp Med 1999; 189:877-82.
Masteller EL, Warner MR, Tang Q, Tarbell KV, McDevitt H,
Bluestone JA. Expansion of functional endogenous antigen-

© 2008 The Author Journal compilation © 2008 Blackwell Publishing Ltd, /mmunology, 123, 28-32 31



J. A. Kapp

42

43

44

45

46

47

48

49

50

32

specific CD4+CD25+ regulatory T cells from nonobese diabetic
mice. J Immunol 2005; 175:3053-9.

Samy ET, Setiady YY, Ohno K, Pramoonjago P, Sharp C, Tung
KS. The role of physiological self-antigen in the acquisition and
maintenance of regulatory T-cell function. Immunol Rev 2006;
212:170-84.

Ridge JP, Di RF, Matzinger P. A conditioned dendritic cell can
be a temporal bridge between a CD4+ T-helper and a T-killer
cell. Nature 1998; 393:474-8.

Wilbanks GA, Mammolenti M, Streilein JW. Studies on the
induction of anterior chamber-associated immune deviation
(ACAID). II. Induction of ACAID depends upon intraocular
transforming growth factor-beta. Eur J Immunol 1992; 22:165—
73.

Rich S, Seelig M, Lee HM, Lin J. Transforming growth factor
beta 1 costimulated growth and regulatory function of staphylo-
coccal enterotoxin B-responsive CD8+ T cells. ] Immunol 1995;
155:609-18.

Ciubotariu R, Vasilescu R, Ho E et al. Detection of T suppressor
cells in patients with organ allografts. Hum Immunol 2001;
62:15-20.

Liu Z, Tugulea S, Cortesini R, Suciu-Foca N. Specific suppres-
sion of T helper alloreactivity by allo-MHC class I-restricted
CD8+. Int Immunol 1998; 10:775-83.

Suciu-Foca N, Manavalan JS, Scotto L et al. Molecular charac-
terization of allospecific T suppressor and tolerogenic dendritic
cells: review. Int Immunopharmacol 2005; 5:7-11.

Liu J, Liu Z, Witkowski P et al. Rat CD8+ FOXP3+ T suppres-
sor cells mediate tolerance to allogeneic heart transplants, induc-
ing PIR-B in APC and rendering the graft invulnerable to
rejection. Transpl Immunol 2004; 13:239-47.

Kapp JA, Honjo K, Kapp LM, Xu XY, Cozier A, Bucy RP. TCR
transgenic CD8+ T cells activated in the presence of TGF
express FoxP3 and mediate linked suppression of primary

51

52

53

54

55

56
57

58

59

60

immune responses and cardiac allograft rejection. Int Immunol
2006; 18:1549-62.

Jankowska-Gan E, Rhein T, Haynes LD et al. Human liver allo-
graft acceptance and the “tolerance assay”. II. Donor HLA-A, -B
but not DR antigens are able to trigger regulation of DTH.
Hum Immunol 2002; 63:862—-70.

Tarbell KV, Yamazaki S, Olson K, Toy P, Steinman RM. CD25+
CD4+ T cells, expanded with dendritic cells presenting a single
autoantigenic peptide, suppress autoimmune diabetes. J Exp Med
2004; 199:1467-77.

Bisikirska B, Colgan J, Luban J, Bluestone JA, Herold KC. TCR
stimulation with modified anti-CD3 mAb expands CD8+ T cell
population and induces CD8+CD25+ Tregs. | Clin Invest 2005;
115:2904-13.

Heath WR, Belz GT, Behrens GM et al. Cross-presentation, den-
dritic cell subsets, and the generation of immunity to cellular
antigens. Immunol Rev 2004; 199:9-26.

Shen L, Rock KL. Priming of T cells by exogenous antigen cross-
presented on MHC class I molecules. Curr Opin Immunol 2006;
18:85-91.

Bevan MJ. Cross-priming. Nat Immunol 2006; 7:363-5.

Ke Y, Kapp JA. Exogenous antigens gain access to the major
histocompatibility complex class I processing pathway in B cells
by receptor mediated uptake. ] Exp Med 1996; 184:1179-84.
Wetzel SA, McKeithan TW, Parker DC. Peptide-specific intercel-
lular transfer of MHC class II to CD4+ T cells directly from the
immunological synapse upon cellular dissociation. J Immunol
2005; 174:80-9.

Herbein G, O’Brien WA. Tumor necrosis factor (TNF)-alpha
and TNF receptors in viral pathogenesis. Proc Soc Exp Biol Med
20005 223:241-57.

Rose-John S, Waetzig GH, Scheller J, Grotzinger ], Seegert D.
The IL-6/sIL-6R complex as a novel target for therapeutic
approaches. Expert Opin Ther Targets 2007; 11:613-24.

© 2008 The Author Journal compilation © 2008 Blackwell Publishing Ltd, /mmunology, 123, 28-32



